The construction of new rural communities is an important measure to promote the integration of urban and rural areas. The environmental quality of new rural communities represents the residential suitability of the communities. The evaluation of the environmental quality can help promote the healthy development of new rural communities. The present study combines AHP (Analytic Hierarchy Process) and TOPSIS (Technique for Order Preference by Similarity to an Lead Solution) for the evaluation and ordering of the environmental quality of 28 new rural communities in Henan Province, China. The AHP model containing four hierarchies is constructed: objective hierarchy, principle hierarchy, index hierarchy and factor hierarchy. The principle hierarchy is composed of 3 factors: social environment, material environment and ecological environment; the index hierarchy consists of 7 factors: service environment, civilized environment, planning environment, architectural environment, facility environment, greening environment, sanitation environment; the factor hierarchy consists of 14 factors: life service, health service, education degree, neighborhood relationship, spatial layout, functional layout, architectural style, architectural functions, infrastructure, public facilities, percentage of green open space, leisure and entertainment facilities, garbage treatment rate and wastewater treatment rate. By AHP model, the weight of the factors in every hierarchy is obtained and TOPSIS is employed for the ordering of the environmental quality of the 28 new rural communities. The results show: in the environmental evaluation, spatial layout, functional layout, architectural functions, infrastructure and neighborhood relationship have a relatively higher weight and more importance should be attached to these respects. The ordering of environmental quality of new rural communities has a high discrimination. The five communities with the highest environmental quality (representing 17.8% of the total communities) are R 13 , R 6 , R 24 , R 23 and R 28 . The result can effectively reflect the environmental quality of new rural communities. On the one hand, this result can provide the basis for the transform and restructuring of the existing communities; on the other hand, it can be used as the reference for the quality control of newly-built communities, so that the objectives of new rural community construction will be met.
INTRODUCTION
The planned economic system that was once implemented in China for a long period resulted in a dual structure of urban development: urban and rural areas have been confined to be a closed unit. The rural areas are retarded in the economic, social, infrastructure and cultural aspects compared to the cities. During the transform from planned economic system to market economy, the dual structure seriously impedes the development of urban and rural areas. The integration of urban and rural areas to promote the development of rural areas is an important measure in the context of coordinated development of urban and rural areas in China in new period (Zhen-Long, 2012) . In 2005, the Chinese government launched the new rural area development strategy: completely transforming the underdeveloped rural areas through the construction of new rural areas, as part of the efforts to facilitate the modernization of agriculture. The construction of new rural communities is crucial to the elevation of rural residents' living quality and the residential suitability of rural areas. It is directly related to the health and the welfare of the rural residents. Therefore, how to scientifically evaluate the environmental quality of rural communities becomes a research subject of practical significance, especially to the standardization of the construction of new rural communities.
At present, the research on the quality of community environment in China is mostly focused on the urban communities. Yuan Lingling conducted research on the comprehensive evaluation of the living environmental quality of communities based on AHP method (Ling-Ling et al., 2004) . Sha constructed the environmental evaluation index system for the ecological community construction strategy, but they did not give the applicable and concrete evaluation methods (Jing-Jing and Xue-Hua, 2007) . Zhuang established the cognitive evaluation index system for health environmental quality of communities (Zhuang et al., 2001 ). Sun established the environmental evaluation model for urban communities from the perspective of physical environment (Sun et al., 2008) . The research on the environmental quality of new rural communities is rare. Zhu Bing utilized entropy method for the evaluation of the rural living environmental quality of Jiangsu Province from the four aspects: living environmental system, infrastructure system, public service system and ecological environmental system (Bin and Xiao-Dong, 2011) . Hao Ying-qun studied the evaluation methods of rural environmental quality from the perspectives of air environment, water environment, soil environment and ecological environment (YingQun et al., 2011) .
Quantitative evaluation methods have a large application perspective in environmental quality evaluation. Multiple regression analysis (Li-Fang et al., 2009) , fuzzy clustering, Fuzzy-Topsis (Anjali et al., 2011) , principle component analysis and hierarchical analysis (Kung-Jen and Li-Ting, 2008) are the main research methods used abroad. Hierarchical analysis is a decision-making technique combining quantitative evaluation and qualitative evaluation (Jian-Guo et al., 2007) . It is widely applied in economic management (Ming-Chyuan et al., 2008) , city planning, scientific research evaluation, project selection (Morteza, 2010) , etc. TOPSIS is short for technique for order preference by similarity to ideal solution (Đrfan and Nilsen, 2009) . It is a technique for the ordering of a limited number of evaluation objects by their similarity with the ideal solution. Its main principle is the ordering of evaluation objects based their distance to the ideal solution and the worst solution. If an object is the nearest to the ideal solution and the farthest from the worst solution, this object is the optimal; otherwise, it is the worst. The combined application of hierarchical analysis (Melissa et al., 2012) and TOPSIS has a great potential in the environmental quality evaluation of new rural communities. The present study establishes an environmental evaluation model of new rural communities based on AHP-TOPSIS.
RESEARCH AREA AND RESEARCH METHODS
Research area sampling: Henan Province is situated in the center of China. As one of the main crop production regions in China, it has a total area of 160000 km 2 and a population of 100 million. For a long time, the urban-rural dual system of Henan Province has impeded the development of rural areas. The urbanization level is low and the economy is undeveloped. In order to promote the development of new rural areas, Henan Province implemented the Planning Outline of New Rural Areas 2006-2020, which marked the beginning of the accelerating construction of new rural communities. The samples of new rural communities selected are located in 17 cities in Henan (Fig. 1) The latter is a little more important than the former in comparison. 5
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Research methods:
The environmental quality evaluation of new rural communities follows the following steps:
• Screen the key factors that have an influence on the environmental quality of new rural communities. • Establish AHP model to determine the weight of every influential factors.
• Establish the set of comments and collect the data on influential factors of the environmental quality of the communities.
• Order the new rural communities by environmental quality using TOPSIS.
The details of each step are as follows:
Step 1: Construct standardized data matrix Suppose there are N objects to be evaluated and for every object there are M indexes. Which form the characteristic matrix of evaluation index:
Step 2: Determine the composite weight of every factor:
• Calculate the weight: o Establish the hierarchical structure model. o Compare the importance of every two factors in the same hierarchy in relation to a certain principle of immediately upper hierarchy and construct the judgment matrix (1-9 scale) ( Table 1) . o Calculate the relative weight of the factors in comparison with respect to the principle based on the judgment matrix. o Calculate the composite weight of the factors in every hierarchy with respect to the system objective and order the factors: 
o Calculate the consistency index C. I.:
o Search for the corresponding average random index R. I. (Table 2 ) o Calculate the consistency ratio C. R.:
When C.R.<0.1, it is believed that the consistency of the judgment matrix is acceptable; when C.R.≥0.1, necessary correction should be made to the judgment matrix.
Step 3: Construct the weighted matrix From A, the standardized matrix Z' and the weighted matrix Z can be constructed, their factors being respective. Z' ij and Z ij :
Step 4: Determine the ideal solution and negative ideal solution of the objects Suppose that J represents the object set which is better if larger; J' represents the object set which is better if smaller, then: Step 5: Calculate respectively the Euclid distance from the object to ideal solution S i * and to negative ideal solution S i -:
Step 6: Calculate the relative similarity of every project to the ideal solution: Step 7: Order the evaluation objects by the relative similarity.
THE ENVIRONMENTAL QUALITY EVALUATION MODEL FOR NEW RURAL COMMUNITIES Establish the evaluation model and judgment criteria:
The focus of the construction of new rural areas is five "new": new houses, new facilities, new environment, new peasants and new customs (Zhang, 2011) . The choice of the factors in the environmental quality evaluation of new rural communities should conform to the essential requirements of the development of new rural communities. The factors are ordered based on their occurrence frequency in literature. The concerns of community residents are surveyed. The factors are finally selected by experts according to the criteria that the influential factors can reflect the essential requirements of the environmental quality of new rural communities. The AHP model containing four hierarchies, objective hierarchy, principle hierarchy, index hierarchy and factor hierarchy, is established (Table 3) .
Establish the set of comments of evaluation factors:
Establish the set of comments. The evaluation of the factors in the factor hierarchy obeys the criteria as follows: the measured percentage of green open space, garbage and wastewater treatment rates (percentage). Life service, public security service, spatial layout, functional layout, architectural style, infrastructure, public facilities, leisure and entertainment facilities and neighborhood relationship are scored by experts based on set of comments (0<very poor≤2, 2<poor≤4, 4<ordinary≤6, 6<good≤8, 8<very good ≤10). The average is taken as the final result. The education degree is scored according to the survey (not educated = 2, primary school = 4, junior high school = 6, high school = 8, college and above = 10). The average is taken as the final result. These factors are factors that are better if higher, i.e., the higher the score, the better.
Experts from Henan Agricultural University, Henan Science and Technology University, Henan Institute of Science and Technology and Xinxiang Planning Bureau were invited for the scoring (Table 4 ). The calculation is done by the Yaahp and DPS software and the data are automatically normalized by the software.
Weight calculation: According to step 1-2, experts compare the importance of every two influential factors for every hierarchy. On the premise of passing the consistency test, the weight of the influential factors in every hierarchy in relation to the immediately upper hierarchy is obtained and the weight of factors with respect to the objective hierarchy (Table 5) .
RESULT ANALYSIS AND DISCUSSION
Weight of influential factors: From Table 5 , by a decreasing weight we have the following arrangement: material environment>social environment>ecological environment. This indicates that the rural communities in China lack unified planning and urgently need highquality material construction to improve the environmental quality of rural communities. In the overall ordering of the factors in factor hierarchy by weight, spatial layout, functional layout, infrastructure, architectural functions and neighborhood relationship have a higher weight, which should be put in an important place in the environmental construction of new rural communities. But this does not mean that the role of other factors can be played down. Only by comprehensive consideration with a priority can sustain the healthy development of new rural communities. In addition, with the development of the society and the changes in the cognition, the weight distribution of these factors will change as well. For example, the construction of leisure and entertainment facilities which is very important in urban communities does not draw enough attention in the construction of new rural communities (Ross et al., 2005 (Ross et al., , 2009 ). The choice of evaluation indexes can directly influence the weight distribution of the evaluation indexes. In the future research, the indexes should be further screened, to reduce the index amount so that the model is simpler and easier for application. The academic knowledge and practical experience of experts have important impact on the results of weight distribution. Properly increasing the number of experts can help increase the reliability of the evaluation result.
Comprehensive evaluation and ordering: According to step 3-4, since the unit of every factor in the factor hierarchy is different, the data with a dimension must be non-dimensional zed for the calculation. After the normalization of the data on the factors in the factor hierarchy, the composite weight is calculated to obtain the ideal solution Z * and negative ideal solution Z -: The ideal solution Z * is the optimal environmental quality in these communities, with every factor reaching the optimum; the negative ideal solution Z -is the worst environmental quality that can be conceived in the communities, with every factor reaching the worst.
According to step 5, the distance between the environmental quality to ideal solution and negative ideal solution is calculated, respectively. The distance to the ideal solution Z * is S * , while the distance to the negative ideal solution Z -is S -(S * is the similarity of every object to the ideal solution. The smaller the value, the closer the distance to the ideal solution of the community environment is and the better the construction scheme is). According to step 6, the closeness degree C i to the ideal solution is calculated. When C i = 0, Z i = S -. This shows that the environment of the community is the worst; when C i = 1, Z i = S*. Then the environment of the community is the best. In actual environmental evaluation of communities, the occurrence possibility of the best or the worst environmental quality is extremely rare.
The principle of the ordering of the construction schemes is to compare the environmental quality with the ideal solution or the worst solution. The communities are ordered by environmental quality based on the C i value. If the environmental quality of a community is the closest to the ideal solution and the farthest from the negative ideal solution, its environmental quality is the best in all communities.
From the C i value of the environmental quality of the 28 communities and their ordering, it can be seen that great difference exists among the communities (Table 6 ). Ordering by Euclid Distance, the closeness to ideal solution). Based on this, a preliminary judgment can be made on the environmental quality distribution of new rural communities. The five communities with the highest closeness degree are R 13 , R 6 , R 24 , R 23 and R 28 , which represent 17.8% of the total samples. In particular, R 13 has the highest score in environmental quality. The high scores of the factors with higher weights contributed to the No. 1 ranking of R 13 . In addition, other factors also have balanced scores and the construction of R 13 satisfies the long-term requirements of the community development. Therefore, R 13 has a strong competitiveness. The construction scheme also has shortcomings. R 13 's scores on EL and RA are not high, which should be enhanced in the transform and restructuring. The community samples with high environmental quality can serve as a reference for the government to lay down the criteria for the construction of new rural areas.
CONCLUSION
• The environmental evaluation system of new rural communities contains four hierarchies: the objective hierarchy has one factor, i.e., environmental quality; the principle hierarchy has three factors; the index hierarchy has 7 factors; the factor hierarchy has 14 factors.
• In the overall ordering by weight, spatial layout, functional layout, architectural function, infrastructure, architectural functions and neighborhood relationship have a higher weight, with an important influence on the environmental quality of new rural communities.
• Through the construction of AHP model, the evaluation and ordering of the new rural communities by environmental quality is performed. The ordering results reflect the environmental quality of new rural communities. On the one hand, this result can provide the basis for the transform and restructuring of the existing communities; on the other hand, it can be used as the reference for the quality control of newly-built communities, to achieve the objectives of new rural community construction.
